Introduction
In two previous papers (which will be referred to as I and II) Best, Ratcliffe and Wilkes (1936) , and Budden, Ratcliffe and Wilkes (1939) have given an account of some experiments on the nature of the downcoming wave received at Cambridge from the British Post Office transm itter at Rugby (GBR wave-length 18-8 km.; distance 90 km.). Data are there given concerning the polarization of the wave, and the height of reflexion and the daily and seasonal changes of these quantities. Reflexion of very long waves takes place low down in the ionosphere where the density of ionization is only a few hundred electrons per c.c. The purpose of this paper is to discuss the theoretical implications of the data given in I and II, and to make such deductions as are possible from them concerning physical conditions in the lowest part of the ionosphere.
In § 2 the changes in reflexion height at sunset, and in following sections the polarization and amplitude of the reflected wave will be discussed. Use will be made of Chapman's well-known theory of the production of ions in a rotating atmosphere illuminated^ by ultra-violet light from the sun (Chapman 1931) . It will be assumed that electrons tend to disappear sufficiently rapidly for the ionization to be always in quasi-equilibrium with changes in the rate of production of ions. It has been possible to interpret short-wave absorption and critical frequency results on this basis (Appleton 1937; Best, Farmer and Ratcliffe 1938) and we are consequently encouraged to try it for long waves.
Finally, in § 7 the relation of this paper to previous theoretical work on the reflexion of very long waves will be discussed.
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Changes in effective reflexion height
The notation to be used is th at introduced by Chapman, and is sum marized below. h = height in km. 1 -number of electrons produced per c.c. per second at height N -number of ions per c.c. at height m = mean molecular mass of gas.
kT H = --= scale height of atmosphere. h0 = height at which I is maximum when the sun is overhead. / 0 =' max. value of I. N 0 = max. value of N. /(y) = a function depending on the zenith angle of the sun (y) and tab u lated by Chapman; wheny is small it is approximately equal to sec y.
Chapman's theory then gives for the rate of production of ions
It will be assumed that reflexion takes place low down in the region where 1 (Z is negative for low levels). The term e~zf in the exponent then varies much more rapidly than the term 1 -in the reflecting region (which is only a few km. thick-see figure 6 ). We may therefore treat 1 as approximately constant, writing If there is quasi-equilibrium between the rate of production of ions and their disappearance by recombination or attachment, we shall have
where the function F depends on the exact manner of disappearance. For simple recombination alone N =
N0(I
The above approximation will then be sufficiently accurate if the layer is such th at
The ionization varies so rapidly with height, like exp[ -|e x p ( -Z)] th a t it increases from a negligible value to one amply sufficient to reflect the waves in a distance of a few km. Since the wave-length is 18-8 km., reflexion may therefore be thought of as taking place at a sharp boundary, in contrast to the reflexion of short waves which are gradually bent round.
From the expression for I it will be seen th at as log / increases at sunset the bottom of the layer moves upwards without any change of shape. The equivalent reflexion height (as measured by the phase of the reflected wave relative to the ground wave) will therefore increase, its change being pro portional to log/. This will be true whatever the actual mechanism of reflexion since the region always presents the same aspect to the wave, but at different heights.
The argument is not strictly true if collisional friction is present in a varying degree at different heights, since more ionization is required to reflect the waves in a region where there is considerable collisional friction than in a region where there is only a little. For reasons given in § 5 I do not consider that collisional friction is important anywhere in the reflecting region, but in any case differences of a few hundred per cent in the amount of ionization required for reflexion would not appreciably affect the height of reflexion as such a change corresponds to only a small difference in height. For the same reason, a variation with height of the recombination coefficient would not be expected to show up unless it were very great.
The variation of the observed phase lag with log / is discussed in II, and it is shown that the above relation does hold quite accurately. I t is there shown how a value for H can be calculated from the slope of the straight line obtained by plotting phase lag against log /, and this is found to be 6 + 0-5 km. For further details see II, § 4. 3
Polarization and amplitude oe reflected wave
In making theoretical calculations about the propagation of short waves it is possible to assume that the medium is slowly varying, i.e. that its constants vary by only a small fraction of themselves in a distance com parable with the wave-length. This is the same as using a ray theory in optics. For waves whose length is 18-8 km., it is no longer obvious that this assumption is justified, and the problem has to be approached by way of wave theory. I shall, however, in this section discuss the type of reflected wave to be expected if the " slowly-varying " theory applicable to short waves continued to hold, and later discuss the modifications to be expected on using a wave theory. It will be shown that these modifications are less. than might be expected. Two cases will be considered, one with, and the other without the Lorentz term.
We use the following notation: c = velocity of electromagnetic waves in vacuo, m -mass of an electron, e = charge of an electron (e.s.u.). N = electron density. He = the earth's magnetic field in gauss. Hl = component of the earth s magnetic Held along the positive direction of propagation. HT = component of the earth's magnetic field perpendicular to the direction of propagation. p = 2nx frequency of waves (= 105 for 16 kc./sec.). k = p/c. v = the frequency of electronic collisions (which determines the effective damping).
V £ = a parameter which is taken equal to zero if the Lorentz term is to be omitted, and equal to ^ if it is to be included.
In discussing the magneto-ionic equations it is usual to consider two separate cases, known respectively as quasi-longitudinal and quasi-transverse propagation, the conditions for which are respectively
I t is found th at these cover most of the cases required in practice (Appleton and Builder 1933; Booker 1935 ).
In the experiments described in I and II, 105 and the angle of in cidence on the ionosphere was about 30° in a south-east direction, the latitude being 52°. This makes the left-hand side of the inequality about 10.
It will be seen th at the condition for quasi-longitudinal propagation can be satisfied either on account of a high value of ionization density or of collisional frequency. The critical region is where x is of the same order as 1/(1 -l).This implies an electron density of about 3 or 4 per c.c., and the value of z here may be expected to be sufficiently large to make conditions quasi-longitudinal. Once the waves have passed this region they will not be reflected until they have reached the place where x is of the order of y, and consequently large enough for the quasi-longitudinal condition to hold. In all th at follows, therefore, the quasi-longitudinal formulae will be used.
The incident plane polarized wave gives rise to two waves in the mediumthe magneto-ionic components-which are propagated independently (Booker 1936) . The refractive index as.a function of the intensity of ioniza tion for the two waves is, according to Appleton's theory, given by (quasi longitudinal conditions)
Both waves are circularly polarized, one left-handedly and the other righthandedly about the downward vertical. In the northern hemisphere these correspond respectively to the upper and lower signs. Reflexion takes place at the lowest level where y = 0; if no such level exist right through the region.
Curves showing the variation of y with x are plotte component in the case z = 0 (no Lorentz term). It will be seen th left-handed component y becomes zero for = 1 This wave is therefore reflected. For the right-handed component y increases without limit, and never becomes zero and this wave is not reflected. An incident plane polarized wave therefore gives rise to a left-handed circularly polarized reflected wave. The resultant reflexion coefficient is |. If z is not zero, absorption takes place. The effect of this will be considered later when dis cussing the wave theory.
The corresponding curves l = ^ are given in figure 16 index for the left-handed component decreases in much the same way as when l -0, and this component is totally reflected. For the right-handed component y also becomes zero for large values of x, but before doing so it passes through an infinity when x = 3(1 -y). The fact that y is zero for large values of x means th at no energy can be propagated right through the medium, and therefore if z = 0 there must be total reflexion. If z is appreciable it may be expected that strong absorption will take place where y is large. The amount of such absorption can be estimated only roughly on a ray theory, and the question of determining the minimum value of z which gives appreciable absorption will be discussed later using a wave theory.
It follows th at when l -| and 2 is sufficiently small, both components are totally reflected, and the resultant downcoming wave is plane polarized (not necessarily in plane of incidence) and the resultant reflexion coefficient is unity. 
Wave theory (a) Reflection from idealized regions
It has already been pointed out th at for waves km. long the use of a theory in which it is assumed th at the constants of the medium vary by only a small fraction of themselves in a distance equal to the wave-length is not really justifiable. The alternative and correct way of proceeding is to obtain a solution of the set of differential equations comprising the field equations and the equations of motion of the electrons. If this is attem pted it is found that in general the magneto-ionic components do not exist, and the problem depends on the solution of a fourth-order differential equation governing the propagation of waves in the medium. This being so, it is not possible to make any progress with the general problem, except perhaps by numerical methods.
However, in the special case of normal incidence on a stratified medium, with the magnetic field parallel to the direction of propagation, the magneto ionic components exist even in the case of a rapidly varying medium. The fourth-order differential equation splits into two second-order equations, one for each component. As this case corresponds roughly to the conditions of the experiments it will be adopted, and solutions given for certain assumed distributions of ionization. The results will not be found to differ greatly from those to be expected on " slowly varying " theory, and since the quasi-longitudinal condition holds, we should not expect the results at slight inclination to the field, and at slightly oblique incidence to be appre ciably different from the purely longitudinal case.
As we go up in the atmosphere, the ionization increases and the collisional frequency decreases. In order to solve the differential equation it is neces sary to assume some definite law of variation for each of these, and in general the equation will have to be solved numerically. However, in two special cases, which represent extreme idealizations of the ionosphere, it has been possible to obtain solutions in terms of standard functions, and these are treated in detail below. It is shown later th at one of them can be used to deduce the wave reflected from a Chapman region.
The two cases ate (1) Collisional frequency constant, and ionization increasing according to a square law with height.
(2) Ionization constant, and collisional frequency decreasing inversely as the increase of height.
It can be shown th at the differential equations to be solved for the two components are 2 (2) where si s a linear coordinate* in the direction of propagation, L is the amplitude of the component in question, the + sign refers to the lefthanded component, and the -sign to the right-handed component.
Suppose we find a solution of equation (2), say F(£), where (£) is a function of s, which satisfies suitable conditions as s tends to infinity. Then if the complex reflexion coefficient for the component* in question is R, the complete solution of the problem is L = F(0 0, _ Reiks Q * Care should be ta k e n to distinguish betw een th e reflexion coefficients for th e se p arate com ponents, a n d th a t for th e w hole incident w ave.
The boundary conditions at s = 0 (£ = £0) are th at L be continuous. Expressing these we finally obtain
Case 1. Ionization increasing according to square law. z = constant,
From equation (2), taking z term,* 0 for the present, and omitting the Lorentz
Consider first the wave whose polarization is left-handed, i.e. the one corresponding to the lower sign. Following H artreef we put n = \(a2-\), where a 2 = k^(y/K), giving
which is the form of the equation which W hittaker and Watson (1927, p. 347) For the other wave we make the substitution
giving as before equation (5). The two linearly independent solutions are, with their asymptotic expansions for large | £ j Dn(£)~C'e-«2£ -w + n Z>_w_ i(-i£ )^( 7 e^£ -ia -**>.
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Each of these tends to zero like £-i as s-> oo, i.e. as £->i*oo, but it is not possible to find a linear combination of them such th at its derivative tends to zero at infinity. This corresponds physically to the fact th at energy is flowing to infinity, so that the Poynting vector (which is numerically pro portional to the product of the real parts of F and dF/ds) must be finite. Clearly D"(£) represents a flow of energy in the direction of s increasing, while D_n_1( -i£) represents a flow in the opposite direction. The former is therefore the appropriate solution. Equation (3) then gives inir{i(3+icc2 J W . +***)} Using Stirling's theorem < r can be computed from this formula.
The curves marked z = 0 in figures 2 and 3 show how the reflexion coefficient depends on the sharpness of the boundary as measured by a 2. For large values of a 2, the right-handed wave is scarcely reflected at all, while the left-handed wave is totally reflected. This is what is to be expected from the " slowly varying '' theory in § 3. For smaller values of a 2 this theory breaks down, and reflexion of the right-handed wave takes place.
If z is not zero the differential equation for L is o.
As before this can be reduced to the standard form (5). The appropriate substitution is
where /? -tan-1 (z/y) (the acute angle), and the right-and left-handed components are respectively given by (}) = 77 -/? and ( j) = fi.
Two independent solutions are D w(£), D_n_1( -Using the asymptotic expansion given by W hittaker and Watson it can be seen that the first of these tends to zero as oo. It is therefore the solution required.
-o-5 F ig u r e 2. R eflexion coefficient for th e le ft-h a n d e d co m p o n en t (x oc s2).
oc2
F ig u r e 3. R eflexion coefficient for th e rig h t-h a n d e d co m p o n en t (x oc s2).
We have now for <r: Figures 3 and 4 show curves plotted from this formula for different values of z/y. It will be seen th at for values of of about unity the ampli tude of the left-handed component is reduced, while th at of the right-handed component is not affected appreciably. For large values of z/y the curves for the two components become identical.
We have taken x = K s2 for all s >0. The ionization in not actually become infinite, and a more accurate representation of it would be x = K s2, 0 = Ks\, s > and the solution can be worked out in this case. However, the value of x actually attained in the E region (about 3000 a t night and 105 in the day time) is so large that it is sufficiently accurate to take it as infinite.
Case 2. Ionization constant and friction decreasing inversely as the distance.
The reflecting region is defined by
I t will be assumed th at y/x < 1. This can be reduced to the following stan dard form:
which is a special case of W hittaker's equation (1927, p. 335 For the right-handed wave (lower sign) q0 is real: take the positive value of the square roots so th at q0 > 0. Then K and £0 are real and appropriate solution (for outgoing waves) is W_K^{ -£).
For the left-handed wave (upper sign) is a pure imaginary; take iq0 real and positive. Then iK and i£0 are real and negative, so th at the solution which tends to zero as s tends to infinity is W_K -£).
F ig u r e 4. S et u p o f th e differential a n a ly se r for th e e q u a tio n d2L/ K \ f (Scale a n d sign fac to rs a re o m itte d .)
Kp/y
F ig u r e 5. z o c l/s . T he co n tin u o u s curves refer to th e le ft-h a n d e d co m p o n en t, a n d th e d o tte d curves to th e rig h t-h a n d e d co m p o n en t. T h e n u m b e r a g a in st each cu rv e is th e co rresponding v alu e o f x/y. Curves showing how the reflexion coefficient varies with the sharpness of the transition as measured by ft are given in figure 5 . This case will not be discussed in greater detail because, as will be seen in the next subsection, case 1 is likely to be a much better approximation to the actual structure of the ionosphere.
Thus in each case

(b) Reflexion from a Chapman region
We have already seen how the changes of reflexion height which occur at sunset can be explained by supposing that reflexion takes place from the bottom of a Chapman region. It is therefore interesting to calculate the reflexion coefficient of such a region for the two components. In this sub section I shall show how this can be done using the results of case 1 above. Direct solution of equation (2) for a Chapman region is not possible except by numerical methods.
The ionization a t the base of a Chapman region (assuming recombination to take place) increases very rapidly like exp exp -while the collisional friction decreases much more slowly, like exp(-This can be represented approximately by case 1 above, in which the friction is constant and the ionization increases according to a square law. The value of a 2 is to be chosen to give as good a fit as possible between the actual ionization curve, and the parabola in the region w here x is of the same order of magni tude as | -i z± y \. The parabola may either be fitted to the ionization curve graphically, or, in the case of a Chapman region, an analytical formula may be obtained for a 2 in terms of the constants of the region by equating the slopes of the two curves at the point where
In order to test the accuracy of the method, a numerical wave solution has been worked out for one representative case, that of a Chapman region in which N0 was 105 electrons per c.c., and the scale height 10 km. Figure 6 shows ionization and collisional friction plotted against height, and also the amplitude of the disturbance propagated in the medium. On the left-hand side of the curve where the wave is *traveiling in free space standing waves formed by interference between the reflected and incident waves are shown. In the ionized medium the disturbance is rapidly attenuated when it reaches the region where x = x1 , falling to a small valu ionized medium •free spacekm .
F ig u r e 6. W ave in cid en t on a C h a p m a n region. T h e low est cu rv es give th e v a ria tio n o f ionizatio n a n d collisional fre q u en cy in th e region, a n d th e u p p e r cu rv e th e a m p li tu d e of th e p ro p a g a te d w ave.
of a few km. The collisional frequency is nearly constant over this distance, and a parabola, shown dotted, can be fitted to the ionization curve with fair accuracy in this region.
The value of a 2 corresponding to the parabola shown is 0-9 and the value of z about T2. Referring to the curves in figure 2 (the numerical wave solution is for the left-handed wave) the reflexion coefficient is found to be 0-4. Its actual value from the numerical wave solution is 0*44. This is sufficient accuracy for the purpose in view.
Some curves are given in figure 7 showing how the reflexion coefficient depends on the collisional frequency in the reflecting region for two different values Of N0 in the region. If the whole E region may be regarded as a single Chapman region this will be about 5 x 105, but it may be th at long waves
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left-handed right-handed wave F ig u r e 7. R eflexion coefficients for a C h ap m an region.
are reflected from a subsidiary region just below the main region. The scale height is taken as 6 km., the value which fits the phase variations. It will be noticed that though the values of N0 taken differ widely, there is little difference between the two curves. For convenience a scale of height is also given.
. Consideration of experimental results
(i a) Amplitude It has already been shown that the variations in the phase of the down coming wave which are observed to take place at sunset can be explained on the basis of reflexion from the bottom of a Chapman region. The varia tions of amplitude, on the other hand, are not so simple, and depend not only on the zenith angle of the sun but on the time of the year. For example, a t noon on 21 December and at about 17.00 hr. local time on 21 June (at Cambridge) the zenith angles of the sun are the same, but the amplitude on the former occasion is about five times as great as on the latter. It would appear therefore th at there must be some physical difference in the iono sphere between winter and summer. We are not able to put forward any rational explanation of this.
The deductions are based as far as possible on the summer daytime results, since at this time of the year conditions are very steady and repeat well from day to day. There are three main facts which emerge:
(1) The amplitude is very constant during the day, until the sunset phase cycle is nearly over when it increases rapidly.
(2) The steady daytime reflexion coefficient is about 0-12.
(3) The polarization of the wave is roughly circular (left-handedly). More accurately, it is an ellipse with its major axis on the vertical plane, and 1*5 times the minor axis.
To simplify the discussion the theory in which the Lorentz term is omitted is used in this section. The question of including it will be discussed in § 6.
Fact (2) shows at once th at some collisional absorption must take place, because otherwise the reflexion coefficient is never less than 0-5. There are two possibilities:
(a) absorption in the reflecting region; (/?) absorption in a region situated below the reflecting region. Referring to figure 7 in which reflexion coefficient for each component is plotted against z/y it will be seen th at possibility (a) requires th at zjy should be of the order of unity. The reflexion coefficient is very sensitive to changes in z/y and for it to remain constant during the sunset period it is necessary for zjy to be constant to within about 25 %. On the other hand, we know th at as the sun sets the level a t which reflexion takes place moves upwards and so passes into regions where the air pressure is lower. The total change in reflexion height is about 18 km.-three times the scale height-corresponding to a decrease by a factor of 20 : 1 in the air pressure. It is difficult to see how the collisional frequency could be unaffected by this change in pressure. It would be more reasonable to suppose th at it were proportional to air pressure, in which case it would likewise decrease by a factor of 20: 1. Such a large percentage change in z could only be without effect on the amplitude of the reflected wave if z/y were everywhere negligibly small in the reflecting region. I therefore consider th at there can be no appreciable friction in the reflecting region. This is so if z/y < (say) at the lowest reflecting level which is estimated in II to be 65 km., i.e. v < 2 x 106 a t 65 km. At the highest level z/y will then be less than 0-01.
Consideration will now be given to possibility (/?) in which there is a separate absorbing region situated below the reflecting region. This raises several interesting questions. In the first case it is not obvious th at such a region can exist for very long waves, since the change from free space to absorbing conditions must take place in a distance which is of the same order as the wave-length, and this might be expected to result in reflexion of most of the energy. In order for it to be a true absorbing region, the amount so reflected has to be small compared with the wave reflected higher up, which has suffered absorption twice, once in passing through the region on the way up, and once on the way down. To investigate this point, some numerical solutions* of the field equations have been made for one or two hypothetical regions in which the ionization was assumed to be constant, and z to decrease exponentially with a scale height of 10 km. Such a region, with an ionization density of 60 to 120 electrons per c.c. absorbs 60-80 % of the wave, and reflects less than 3 %. The existence of a purely absorbing region for long waves would therefore appear to be quite possible. It should be noted th at for this amount of ionization the absorption coefficient y given by equation (1) has the same value for each component .
Moreover, it is interesting to see th at a Chapman regionf depending on ultra-violet light from the sun, and situated very low down in the atmosphere, would give a diurnal variation of the right kind. The absorption of a wave traversing such a region has been considered by Appleton who gives an expression from which it can be calculated (Bakerian lecture 1937) . If v at the maximum of the region, v0, is small compared with p, the absorption takes place mainly at the bottom of the region, and is proportional to F/(y)]*; this is the case applicable to short waves absorbed in a " D " region. If, however, as it would be in the case of low-frequency waves and a region extremely low down, like the one we are considering, the absorption takes place at the top. The ionization here depends very little on the zenith angle of the sun until it has neatly set, and the absorption is therefore nearly constant until near sunset. Two curves calculated from Appleton's formula, contrasting the two cases, are shown in figure 8. One is for v0<^p * T hese n um erical solutions h av e been o b ta in e d using th e m e th o d described b y H a rtre e (1933), ex ten d e d to d eal w ith eq u a tio n s involving com plex n u m b ers. I t w as found possible to avoid a good deal o f th e n um erical lab o u r b y m ak in g use o f th e M allock L in ear E q u a tio n m achine in th e M a th em atical L a b o ra to ry , C am bridge (M allock 1933), a n d it is hoped to p ublish a n o te describing th is m e th o d elsew here.
f T his region is supposed to be situ a te d below, a n d to be in d ep en d en t of, th e region responsible for reflexion. and the other for v0 = 500p. The latter gives a constant amplitude during the day with a sudden increase at sunset, which is the type of variation observed.
In the winter there is not so much daytime absorption as in the summer (see II), so we must suppose th at there is a seasonal change in the constants of the absorbing region. This need not be large since absorption is very sensitive to changes in ionization or coilisional friction in the region. The effect is probably connected with the slight general depression of reflexion heights in the winter mentioned in II. The fact th at the polarization remains as constant as can be determined during the greater part of the sunset period agrees with the conclusion arrived at above th at z / yi s negligible in the reflecting region. this we can read off from figure 7 the relative amplitude of the left-and righthanded components after reflexion. I t will be noticed th at these depend very little (within wide limits) on the maximum ionization in the region ( ). The left-handed wave is reflected totally, and the right-handed wave to the extent of about 20%. Adding the components together we obtain a polarization ellipse in which the axes are in the ratio 3:2. This is in agree ment with the experimental results. 6
The Lorentz term
It is not possible to obtain solutions in analytical form of the equation corresponding to equation (2) when the Lorentz term is included, either in the case of a Chapman region or a parabolic region. Consequently, in order to investigate the effect of the Lorentz term a number of solutions have been obtained numerically (see § 5, footnote). I t has already been pointed out th a t when the Lorentz term is included both waves are totally reflected if z = 0, but th at if z is app able absorption may be expected to take place. The object of the numerical wave solutions is to determine for what values of z this absorption becomes important. In the case of a Chapman region (N0 about 105, = 6 km.) it is found th a t the reflexion coefficient for the right-handed wave is about 70 % when z = 0*1, and this may be taken as the critical value of z. For smaller values the reflexion is total, and for larger values the reflexion coefficient, may be expected to be nearly the same as with the Lorentz term omitted, since all the energy will be either absorbed or reflected before the region where the Lorentz term is important is reached. This is confirmed by actual solutions for z = 0-25, and 1*0. I t follows from the fact th at the reflexion coefficient is the same with or without the Lorentz term when z\y>0-1, th at the reasons given above for believing th at z/y< 0-25 at the lowest reflexion level (65 km.) still hold if the Lorentz term is included. Since z/y decreases exponentially with height, it will be less than 0-1 above 70 km., and consequently the polarization of the reflected wave when reflexion takes place above this level will depend on whether the Lorentz term is included or omitted.
When it is omitted the downcoming wave is elliptically polarized with axes in the ratio 3:2. With it included the wave is plane polarized, though not necessarily in the plane of incidence. These two polarizations are so different th at there is no doubt that the experiments are sufficiently good to discriminate between them. The first agrees with the experimental results, the second does not.
The long-wave evidence therefore appears to be against the inclusion of the Lorentz term. It cannot be regarded as conclusive, however, since the analysis used has been entirely one-dimensional. This means th at the possibility that the right-handed wave may be deflected by the action of the magnetic field and escape horizontally has not been taken into account. Dr H. G. Booker has pointed out to .the writer that this might well take place if conditions were slowly varying. An analysis of what would take place under rapidly varying conditions would be difficult since the magneto ionic components are not then propagated independently.
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Some theoretical work on the reflexion of very long waves has been published by Green and Builder (1934) . They sought to explain the experimental results of Hollingsworth (1928) , who performed a series of experiments under similar conditions to ours. As explained in Paper I, § 3, we do not agree with Hollingsworth and Naismith's conclusions.
Builder and Green regard the incident wave as split up into two magneto ionic components, as is done in this paper, and they consider th a t each of these waves is totally reflected at some point in the ionosphere. Any difference in amplitude of the two waves on returning to the earth is then due to a different degree of absorption suffered by the waves when traversing the region below the actual place of reflexion. If I have understood them correctly, it will be seen th at my point of view is quite different. I concen trate attention on the mechanism of reflexion, and show th a t unless the ionization gradient is very steep, only one of the waves is reflected, and it is this fact which determines the polarization of the resultant reflected wave. If any absorption takes place below the reflecting region, both waves will be equally affected.
Mention should also be made of a paper by Yokoyama and Shogo (1932) discussing the reflexion of waves from an ionized gas bounded by a sharp discontinuity in the absence of a magnetic field.
I wish to express my thanks to Mr J. A. Ratcliffe for his help in this work, and to Professor J. E. Lennard-Jones, F.R.S., Director of the Mathematical Laboratory, in connexion with the use of the calculating machines.
Summary
This paper is concerned with the theoretical interpretation of the experi mental data already published by Best, Ratcliffe and Wilkes and by Budden, Ratcliffe and Wilkes on the reflected wave received via the iono sphere at short distances (about 90 km.) from the British Post Office transm itter at Rugby (wave-length 18,800 m.; 16 kc./sec.). I t is shown th at the diurnal changes in reflexion height are in agreement with what would be expected if reflexion took place from the bottom of a region of the type described by Chapman, in which the ionization is in quasi-equilibrium with the changes in zenith angle of the sun. The polarization and amplitude of the wave reflected from a layer of ionized gas in a magnetic field when a plane polarized wav e of wave-length comparable with the dimensions of the layer is incident on it are discussed, and in particular the type of wave reflected from a Chapman region is deduced. I t is shown th at the observed constancy of the amplitude of the downcoming wave until near the end of the sunset period leads to the conclusion th at in the reflecting region the frequency of electronic collisions is not greater than about 2 x 106 per sec., and the possibility of collisional absorption taking place below the reflecting level is discussed. The question of whether or not the " Lorentz term " is to be included in the magneto-ionic equations is considered, and it is shown th a t the long-wave evidence, though not conclusive, appears to be against including it.
